It is shown that for relatively more stable metallic clusters (those with magic number of atoms) the chemical hardness (I-A) too is relatively larger. Thus the occurrence of magic numbers for metal clusters whose stability is determined by their electronic shell structure can be understood as a manifestation of the principle of maximum hardness. This may also represent a possible way of delineating clusters with stability dominated by their electronic shell structure from those for which the magic numbers occur as a result of their geometric structure.
Mass spectra of clusters, both nonmetallic (1) (2) (3) and metallic (1, 2, 4, 5) , show pronounced intensity for certain numbers of atoms. Points at which these intensity anomalies occur have been termed magic numbers. For nonmetallic clusters, in particular for the rare gas ones, the occurrence of magic numbers is a consequence (3, 6) of their geometric structure. For example, in the case of rare gas atoms it is argued (3, 6, 7) that clusters are formed by packing of atoms around a central atom and the most stable ones are those for which the icosahedral shells are completely filled. For metal clusters, on the other hand, magic numbers have been shown (5, 8) to be dominated by their electronic structure for up to about 1500-atom (8) clusters. Here, I show that the relative stability of these clusters is related to their chemical hardness (9) . Magic numbers appear at those points where the cluster hardness has a local maximum. This is thus a manifestation of the principle of maximum hardness (10) . In the following, I first discuss the energetics of metal clusters and in particular the relationship between their energies and the magic numbers. I then review the definition of hardness and the principle of maximum hardness. Finally, I calculate hardnesses for lithium clusters within the spherical jellium background model (5, 11, 12 ) (SJBM) with numbers of atoms in the range 2-67. 1 show that hardness is maximum at the magic numbers and conclude with a discussion of the results.
Energetics of Metal Clusters
Metal clusters have been studied (1, 2, 4) extensively using the spherical jellium background model. In this model the ionic charge is spread uniformly over a sphere ofradius R = r.(NZ) 13 where rs is the Wigner-Seitz radius ofthe metal and N and Z are the number and valence, respectively, ofthe constituent atoms. The advantage of using this model is that the potential it gives rise to is a simple central potential so that the solution of the Schrodinger equation is greatly facilitated. The justification (4) for using this model comes from the weak pseudopotential for the alkali metals for which this model is most frequently used. Electron-electron interactions are usually accounted for by using the density-functional (13-15) approach of Kohn and coworkers (16, 17) within the local density approximation (13) (14) (15) for the exchange and correlation. For the purposes discussed here, however, the local density approximation is not applicable-neither for atomic (18) (19) (20) nor for all the cluster (refs. 21 and 22 ; unpublished work) anions does it lead to convergent solutions. The reason for the failure of this approximation is well understood (24) (25) (26) to be the effect of selfinteraction in the exchange in this approximation. For my calculations I use a formalism proposed by Harbola and Sahni (27, 28) . In this formalism, the exchange potential is selfinteraction free and leads to energies, both for neutral atoms (29, 30) and for atomic anions (31) , that are essentially the same as the Hartree-Fock energies. I perform the calculations within the exchange-only approximation (32) ofthe density-functional approach. For the purpose of demonstrating the principle of maximum hardness, correlation effects are insignificant (unpublished work; details on these calculations can be obtained from M.K.H.).
Stability of metal clusters is studied (4, 5) by plotting the second energy difference A2(NA) = E(NA + 1) + E(NA -1) -2E(NA) [1] against the number NA of atoms in the cluster. As is well known, A2(NA) is the relative binding energy of a cluster with NA atoms with respect to those with NA + 1 and NA -1 atoms, and therefore peaks in it represent relatively more stable clusters. This quantity is plotted in Fig. 1 (5) in the spectrum. Thus it is clear that the peaks in the plot for A2(NA) delineate the abundance of magic number clusters. Since the energy is dominated by its electronic part, the magic numbers are presumably attributed to electronic shell structure effects. However, so far as I know, no detailed electronic explanation has heretofore been given.
Hardness and the Principle of Maximum Hardness
The chemical hardness ij of a species is defined (9) by density-functional theory to be the second derivative of the ground-state energy E with respect to the number ofelectrons N at constant external potential v(r):
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Another principle associated with the concept of hardness is the principle of maximum hardness (10), which states "...molecules arrange themselves so as to be as hard as possible." Thus, according to this principle, the larger the value of I-A, the more stable a molecule or a cluster would be. This has been formally derived (38) Fig. 2, I plot (I-A) , which is two times the hardness, for lithium clusters with numbers of atoms in the range of 2-67 versus the number of atoms. As shown, hardness decreases as the number of atoms increases. How I-A changes with the size of the cluster is discussed below. The principal interest here lies in the fact that at NA= 2, 8, 18, 20, 34, 40 , and 58, hardness deviates from an otherwise smooth curve, showing distinct peaks for these clusters. These peaks are at precisely the same points (see Fig. 1 ) where the intensity anomalies occur. Thus, peaks in the hardness plot also delineate the abundance of magic number clusters. Equivalently, for relatively more stable clusters, the hardness shows a local maximum. This is the principle of maximum hardness.
How the hardness for metallic clusters changes with their size can be seen from the size dependence of the ionization potential and electron affinity of these systems. 
